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In the fruit fly Drosophila the gene encoding the cell adhesion molecule Dscam gener-
ates alternatively spliced mRNAs that can be translated into thousands of different protein 
isoforms. Three recent papers show that isoform-specific homophilic Dscam interactions 
cause dendritic branches of the same neuron to avoid each other (Hughes et al., 2007; 
Soba et al., 2007; Matthews et al., 2007). This process ensures the correct patterning of 
dendrites in the peripheral nervous system.Cell 129, May 4, 2007 ©2007 Elsevier Inc. 455Dscam is a homophilic cell adhesion 
molecule. In flies, dscam transcripts 
are alternatively spliced to generate 
mRNAs that have the potential to 
produce more than 38,000 different 
proteins (Schmucker et al., 2000). 
Individual neurons within the same 
organ each make a small and distinct 
subset of these alternatively spliced 
mRNAs, implying that every neuron 
in the fly expresses a unique com-
plement of Dscam proteins (Neves 
et al., 2004). Unlike many other cell 
adhesion molecules, each isoform 
of Dscam usually binds only to the 
same isoform on another cell sur-
face (Wojtowicz et al., 2004). Thus, 
two neurons would be expected 
to interact via Dscam only if they 
express the same isoform, an event 
that would be unlikely for neurons 
within the same organ or region of 
the brain. However, dendrites of the 
same neuron necessarily express 
the same Dscam isoform. Work 
reported in this issue of Cell (Mat-
thews et al., 2007) and in the cur-
rent issue of Neuron (Hughes et al., 
2007; Soba et al., 2007) examines 
the role of Dscam in the morpho-
genesis of dendrites. These studies 
establish that Dscam homophilic 
interactions mediate dendrite self-
avoidance in Drosophila. In this 
way, Dscam regulates the forma-
tion of dendritic arbors to facilitate 
the proper wiring of the peripheral 
nervous system.
Engagement of the Dscam extra-
cellular domain by contact between 
two neuronal surfaces expressing the same isoform is thought to trig-
ger a signaling event through the 
cytoplasmic domain of the protein 
that causes repulsion. This model 
explains why axons of mushroom 
body neurons that lack Dscam fail 
to bifurcate normally and instead 
branch repeatedly and come back 
together (Wang et al., 2002). The 
growth cones of a bifurcated axon 
normally repel each other because 
they express the same Dscam iso-
forms. These growth cones, how-
ever, are still able to bundle with 
axons of closely related mushroom 
body neurons because these other 
neurons express different Dscam 
isoforms. In this way, Dscam-gener-
ated uniqueness allows a neuron to 
repel itself but to tolerate its siblings 
and neighbors.
The current papers extend and 
clarify this model, showing how 
Dscam facilitates complete and 
nonoverlapping coverage of an 
epithelial sheet by the dendrites of 
sensory neurons. This is known as 
dendritic tiling. The peripheral nerv-
ous system of the fly larva is an ideal 
system to examine tiling because it 
contains a small number of neu-
rons with two-dimensional den-
dritic arbors and it can be visualized 
through the cuticle of live animals 
using a green fluorescent protein 
(GFP) marker. In addition, sophis-
ticated genetic techniques can be 
used to knock out or ectopically 
express genes within single neu-
rons that are labeled by GFP (Lee 
and Luo, 2001).On an epithelial surface, such as 
mammalian skin or the epidermis of 
a fly larva, tiling between adjacent 
sensory neurons (called heteroneu-
ronal tiling) ensures that every loca-
tion is innervated by a single cell of 
each modality. Tiling within a single 
neuron’s arbor (isoneuronal tiling) 
ensures that the receptive field is 
covered by an even density of sen-
sory endings. Heteroneuronal tiling 
in the fly larva is exemplified by the 
dendrites of class III and class IV 
neurons, each of which covers the 
whole epidermal sheet. Class III and 
class IV dendrites extensively over-
lap with each other, but they repel 
dendritic branches of other neurons 
of the same class. Within its own 
field, each class III and class IV neu-
ron exhibits isoneuronal tiling (Grue-
ber et al., 2002). Heteroneuronal 
and isoneuronal tiling can both be 
explained by like-versus-like repul-
sion between neuritic branches, and 
earlier work showed that signaling 
through the Tricornered (Trc) kinase 
is required for both kinds of tiling, at 
least in class IV neurons (Emoto et 
al., 2004; see figure in Zinn, 2004 for 
a depiction of tiling in wild-type and 
mutant fly larvae).
The three new papers all show 
that Dscam drives isoneuronal tiling 
and allows overlap between den-
drites of different classes. However, 
Dscam-mediated repulsion does 
not underlie heteroneuronal tiling 
(Hughes et al., 2007; Soba et al., 
2007; Matthews et al., 2007). This 
is entirely consistent with the model 
for neuronal uniqueness described 
above for the following reasons. 
Every neuron expresses a different 
set of Dscam isoforms, and Dscam 
will drive self-repulsion of its own 
dendritic branches but not repulsion 
by the branches of other neurons of 
the same class.
The investigators began by exam-
ining single neurons lacking Dscam 
expression and found that the den-
drites of mutant neurons exhibit 
extensive self-crossing, such that 
their dendritic fields are covered 
unevenly and in a partially redun-
dant manner. This phenotype can be 
rescued by expressing any one of a 
number of single Dscam isoforms, 
suggesting that isoneuronal tiling 
can be produced by homophilic 
binding of any one isoform and does 
not require expression of a diverse 
set of Dscam proteins. Consistent 
with this, deletion mutations that 
remove alternative exons reducing 
the diversity of Dscam proteins that 
can be made do not affect tiling.
Examination of rare double clones 
in which two adjacent neurons of 
the same class both lack Dscam 
showed that heteroneuronal tiling 
occurs normally in the absence of 
Dscam. Thus, although like-versus-
like heteroneuronal and isoneuronal 
repulsion both involve the same sig-
naling kinase, heteroneuronal repul-
sion must be mediated by different, 
as yet unidentified, cell-surface 
receptors.
The model also predicts that 
dendrites from neurons of different 
classes can overlap with each other 
because they express different 
Dscam isoforms. Consistent with 
this, all three papers show that forc-
ing expression of a single isoform in 
neurons of different classes causes 
their dendrites to repel each other, 
such that they come to occupy 456 Cell 129, May 4, 2007 ©2007 Elseviseparate territories. This can even 
occur if the neurons are almost 
identical, as Soba et al. showed 
by generating duplicated class I 
neurons. These neurons are sib-
lings and normally have dendrites 
that extensively overlap. Tolerance 
between the dendrites of duplicated 
neurons suggests that neurons with 
identical lineages still express dif-
ferent sets of Dscam isoforms. This 
means that the Dscam repertoire 
choice is probably a stochastic 
process. When a single isoform of 
Dscam is expressed in the dupli-
cated neurons, however, their den-
drites now separate and avoid each 
other. Thus, Dscam matching is all 
that is required to drive tiling.
The new findings, together with 
earlier work showing that the den-
drites of antennal lobe neurons lack-
ing Dscam form clumps (Zhu et al., 
2006), suggest that Dscam-medi-
ated repulsion of dendritic branches 
from the same neuron may underlie 
isoneuronal tiling and sculpting of 
dendritic fields in the three-dimen-
sional network of the brain.
Despite the advances described 
here, many issues remain unre-
solved. Diversity clearly has other 
roles in addition to tiling. Success-
ful tiling should not require 38,000 
isoforms and in fact occurs nor-
mally if only about 9,000 isoforms 
can be made. A similar reduction 
in the extent of diversity, however, 
produces alterations in connectivity 
between somatosensory neurons 
and neurons of the central nervous 
system (Chen et al., 2006). We also 
do not understand the mechanisms 
that allow each neuron to express a 
unique (and presumably stable) rep-
ertoire of Dscam mRNA isoforms.
Finally, does neuronal cell-sur-
face uniqueness exist in vertebrate 
systems? If so, what receptors gen-er Inc.erate it? The same tiling phenom-
ena occur in mammals, but they 
cannot be mediated through Dscam 
because mammalian Dscam mRNA 
is not alternatively spliced. Perhaps 
another highly diverse homophilic 
receptor family is stochastically 
expressed in vertebrate neurons 
and performs similar functions.
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